Background: Selenium deficiency is established in a number of socially important diseases. Data about selenium status in paroxysmal a trial fibrillation (PAF) are lacking. Aim: To study the selenium status in patients with PAF by measuring serum selenium levels during the arrhythmia and after the conversion to sinus rhythm. Methods: Selenium levels were measured in 33 patients (17 male, 16 female; mean age 60.03±1.93) and 33 controls (17 male, 16 female; mean age 59.27±1.72).In patients selenium was examinedupon hospitalization (baseline), on 24 th hour and on 28 th day after sinus rhythm restoration.In controls it was determined once. Selenium was quantified by atomic absorption spectrometry. Results: Mean AF duration up to hospitalization was 8.64±1.03 hours. Baseline selenium values in patients were lower than in controls (0.898±0.025 vs 0.972±0.025 µmol/L, p=0.04). On 24 th hour and 28 th day no significant difference was established (0.938±0.026 vs 0.972±0.025 µmol/L, p=0.35; 0.952±0.023 vs 0.972±0.025 µmol/L, p=0.55, respectively). Conclusion: Selenium deficiency is observed in the early hours of PAF that restores quickly after cardio version. This specific dynamics suggests a close relationship between selenium levels and PAF. Further studies are necessary to position selenium deficiency in the complex system of path physiological mechanisms of PAF manifestation and recurrences.
Background
Selenium (Se) was discovered over 200 years ago by the Swedish chemist Jöns Jacob Brezelius, but was determined as an essential trace element in the human organism only at the end of the 20 th century when the important biological functions it is responsible for were established. Nowadays Seis primarily known for its role in antioxidant defense system as well as for its anti-inflammatory and anti-virus properties (Papp et al., 2007) . Therefore, it is subject to investigations in a number of socially significant diseases. Its deficiency is associated with increased risk of malignant, infectious and some neurological diseases such as Alzheimer's disease and Parkinson's disease (Rayman, 2000) .Changes in the Se status are also established in cardiovascular diseases. Acute myocardial infarction with future cardiovascular death is associated with reduced concentrations of the trace element (Lubos et al., 2010) .The epidemiological studies have established a reverse correlation between Selevels in blood and the risk for cardiovascular events, the results, however, being unconvincing from a statistical point of view (Tanguy et al., 2012; Joseph, 2013) . In a recent investigation, the additional intake of Se has not demonstrated a protective effect in terms of cardiovascular morbidity and mortality (Rayman, 2012) . Atrial fibrillation (AF) is the commonest rhythm disorder in clinical practice and is defined as the new "non-contagious epidemics" (Serranoa et al., 2009) . Paroxysmal atrial fibrillation (PAF), which occurs in25% to 62% of all AF cases, is characterized by frequent recurrences and a high thromboembolic potential (Serranoa et al., 2009; Chugh et al., 2001) . Due to the relatively low efficiency of the anti-arrhythmic treatment administered so far, the intricate mechanisms related to the clinical manifestations of PAF present special interest for scientific research. In this respect, studies of the Se status in PAF are lacking.
Aim
To study the Se status in patients with PAF by measuring serum Se levels during the arrhythmia episode and after the conversion to sinus rhythm.
Patients and Methods

Study Population
For the purpose of the study, a total of 338 patients with PAF were screened. An obligatory inclusion criterion for screening was a history of the arrhythmia episode less than 48 hours, which could allow for an acute pharmacological conversion to sinus rhythm. The span of the arrhythmiaup to the moment of hospitalization was accurately determined based on detailed history taking. The diagnosis of AF was accepted only on the base of ECG performed immediately after the patients' admission to hospital. An attempt for cardio version of PAF was made by administration of the ant arrhythmic drugpropafenone according to the well-established regimen and rules, under constant rhythm monitoring (Bellandi et al, 1995; Bianconi et al., 1998) . Due to the presence of exclusion criteria (enumerated below), only 37 patients (21 male, 16 female) remained in the study. All of them were with successfully restored sinus rhythm. No relapses of the rhythm disorder were established during the two follow-up check-ups performed on the seventh and twenty-eighth day after the PAF discontinuation. To equalize the gender structure of the group, 33 patients were consecutively selected for the study (17 male and 16 female) of mean age 60.03±1.93 years. In order to eliminate the impact of the nutritional daily intake on Se levels, all patients remained on their usual diet during the whole period of the study. The same exclusion criteria were applied to the formation of the control group (see below). Thus, out of a total of 169 screened, 33were selected as controls for the study (17 male, 16 female, mean age 59.27±1.72). Controls had no history or ECG data for AF. The study was conducted in the First Clinic of Cardiology at University Hospital "St. Marina"-Varna in the period October 2010 -May 2012, after the approval of the Ethical Commission on Scientific Research at the above hospital and in accordance with the requirements of the Helsinki Declaration (WMA Declaration of Helsinki, 2008) . The participants were included in the study after prior informed consent for participation.
Exclusion criteria for the study:
1. Cardiovascular diseases: ischemic heart disease; heart failure; uncontrollable hypertension; implanted device for the treatment of rhythm disorders; inflammatory or congenital heart diseases; moderate or severe acquired valvular defects.
2. Other diseases: renal or liver failure; inflammatory, infectious, neoplasmic, autoimmune or central nervous system diseases; diseases of the endocrine nervous system (except for diabetes mellitus type 2, non-insulin dependent, well controlled). 3. Drugs: hormone-replacement therapy or contraceptives; systematic intake of analgesics, incl. non-steroidal anti-inflammatory drugs. 4. Inability to precisely specify the arrhythmia onset(only for patients). 5. Persistence of the arrhythmia after propafenoneadministration; recurrence of AF during the study period (28 days after sinus rhythm restoration);convertion of PAF by electrical cardioversion(only for patients).
Study Protocol. Sample Collection and Analysis
Selenium status in patients with PAF was investigated by means of triple examination of Se levels, namely immediately after hospital admission (baseline values), 24 hours and 28 days after sinus rhythm restoration. In controls the trace element was determined only once. Selenium levels were investigated in serum obtained from venous blood collected into a vacutainer VACUETTE/4.0 ml/Serum Sep. The blood was centrifuged at 600 g for 10 min and serum was frozen and kept at -70 ºC for up to six months. The trace element content was determined by means of electro-thermal atomic absorption spectrometry (AAS) at wavelength 196.0 nm and band pass 2 nm, upon 4-fold dilution of the samples with 1% v/v Triton X-100 in 0.2% v/v HNO3. A Model 4110 ZL Perkin-Elmer AAS with a transverse heated graphite atomizer (THGA) and longitudinal Zeeman-effect background correction was used for direct AAS measurements; 10 µl of the samples and 10 µl of rhodium modifier (10 µg Rh) were injected into the THGA; pyrolysis and atomization temperatures were 1100 C º and 2100 C º , respectively; an extra cleaning step at 2400 Cº (1+5s) was required; matrix-matched calibrations was applied (Tsalev et al., 2001; Karmaus et al., 2008) . The final results were calculated as a mean value of two parallels, each with two replicates. The internal quality control was performed by analysis of certified reference material Seronorm TM Trace Elements Serum, Level 2, SERO AS, Norway. The data obtained (1.67 ±0.06 µmol/l, n=7) were in good agreement with the certified value 1.63 µmol/l (1.53 -1.73 µmol/l).
Statistical Analysis
The mean values, the standard error of the mean (SEM) and relative shares were calculated by descriptive statistics. The analysis of the hypotheses for differences of two means and the relative share equality was done by means of the Student's ttest. The statistical significance was accepted if p<0.05.
The results were presented as a mean value±SEM or n(%). Data analysis was carried out means of software product Graph Pad Prism 5.
Results
The group of the patients was statistically identical with that of the controls in terms of the following indicators: number of participants in a group, mean age, gender structure, accompanying diseases, dyslipidemia, harmful habits and BMI(р>0.05) ( Table 1) . The statistical analysis showed that the mean AF episode duration before patients' hospitalization was 8.64±1.03 hours. All the patients were admitted to the ward between the second and the twenty fourth hour after the onset of the rhythm disorder. Upon the patients' admission to the ward, the Se levels were lower than those in the controls (0.898±0.025 vs 0.972±0.025 µmol/L, p=0.04). Twenty-four hours following the restoration of the sinus rhythm, the levels of the trace element measured in the patients did not differ statistically from those in the controls (0.938±0.026 vs 0.972±0.025 µmol/L, p=0.35). On the 28 th day after the rhythm regularization, no significant differences were observed again (0.952±0.023 vs 0.972±0.025 µmol/L, p=0.55). 
Discussion
Selenium status in human organism could be assessed by measurement of Se content in hair, toenails and urine, or more directly by measurement of Se levels in blood (serum, plasma or erythrocytes). Selenium in hair and toenailsis a good longterm biomarker of Se status. Serum Se is a useful indicator of the short-term changes and isamong the commonest biomarkers for the evaluation of the Se status in the human organism (Fairweather-Tait et al., 2011) . These facts give us ground to assume that Se status in our patients with PAF isreliably presented by means of serum Se levels. It is relevant here to be mentioned that serum Se levels are affected by some factors as age, gender, smoking and alcoholism (Olivieri et al., 1994; Arnaud et al., 2012; Kocyigit et al., 2001; Luty-Frackiewicz et al., 2002) . Therefore, the unification of our patients' and control groups in terms of these indicators (Table 1) enables the maximum elimination of their influence on Se levels, thus making the comparison between the two groups objective to a maximum degree. As presented on Figure 1 , baseline Se values in patients with PAF were significantly lower that presents deficiency of the trace element still in the first twenty-four hours of the clinical manifestation of the rhythm disorder. It is well-known that the physiological functions of Se are closely related with its content in the human organism. Furthermore, they depend almost entirely on Se incorporation in selenoproteins under the form of the 21 st amino acid, selenocystein (Sec) (Lu et al., 2009 ).
Evidence for the significance of Sec, and Se respectively, can be found in the studies conducted by Gasdaska et al. andLee et al., in which the substitution of Sec with cysteine in selenoproteinsleads to a dramatic loss of enzyme activity (Gasdaska et al., 1999; Lee et a., 2000) . So far, over 35 selenoproteins have been discovered that are involved inredox signaling, antioxidant and immune systems as well as in thyroid hormone metabolism (Pepe et al., 2008) . Changes in Se blood levels lead to changes in the enzyme activity of the selenoproteins (Lu et al., 2009 ). Sе deficiency is associated with major decrease in selenoproteins' activity, including that of glutathione peroxidase (GSH-Px) andthioredoxin reductase (TrxRs). These enzymes are among the indispensable components of the antioxidant defense system. The function of GSH-Px is linked to the neutralization of organic peroxides (ROOH) and hydrogen peroxide (Н 2 О 2 ):
These processes limit the peroxidation of lipid biomolecules and protect the cells from oxidative damage (Brigelius-Flohé, et al., 2013) . A strong correlation exists between Se deficiency and oxidative stress (Ducros et al., 2004; Meschy, 2010) . Trx Rsarevital for the maintenance of the oxidative balance as well. They maintain the Trx/TrxR system in a reduced state for elimination of hydrogen peroxide (Chugh et al., 2001) . Reduced activity of GSH-Px and TrxRs is a prerequisite for the domination of the pro-oxidative processes over antioxidant protection and therefore for the development of oxidative damages. A major substrate for AF clinical manifestation and recurrences is the so-called "electrical remodeling" of the atria. It is observed even after a short AF episode and histological studies establish its association with oxidative changes in cardiomyocytes, respectively with oxidative stress (Carnes et al., 2001; Yehet al., 2011) . The important role of Se in the antioxidant system of the human organism gives us serious grounds to assume that the deficiency of the trace element could cause the above mentioned histological, respectively electrophysiological changes in the atria. That is why the changes we established in Se status could probably be linked to the complex mechanisms of AF manifestation, retention and recurrences. We were particularly interested in the results on the 24 th hour and the 28 th day after cardio version. The restoration of the sinus rhythm is associated with an increase in the levels of Se to absence of a statistically significant difference between the patients and the controls (Figure 1 ).
The specific dynamics once again suggests a close relation between Se deficiency and the presence of PAF. It also risesthe question about the mechanisms of Se homeostasis. The major source of serum Se is Selenoprotein P thatis synthesized in the liver. It contains approximately 50% of the total amount of serum Se and its production in hepatocytes is central to Se homeostasis (Hill et al., 2012) . Bearing in mind the enhanced synthesis of proteins in the liver as well as the rapid dynamics in Se levels, we can assume a dominating role of the liver, in particular.
Conclusion
In patients with PAF, the status of the trace element selenium is altered. Still in the early hours of the rhythm disorder, reduced serum Se levels are observed, which on the 24 th hour after the restoration of the sinus rhythm increase and become statistically equal with those of the controls. The specific dynamics of the Selevels suggests a close relationship between the Se status and the clinical course of PAF. Further studies are necessary to position the Se deficiency in the complex system of path physiological mechanisms responsible for the manifestation and recurrences of PAF.
